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On  the  Solenass  of  Solution  of  Bnale  Broblaa  oonoerning 
Free  Iheroal  ConTeetion  of  Liquid* 


by 

I.G*SeTruk 

1.  Assualng  that  in  a  certain  Toluste  T*  limited  by  a  closed  surface  S  is  situated 
in  state  of  thermal  oonTeotiTe  morement  a  Tiscous*  meehanioally  Incooiiresslble  liquid* 
and  asstuBlng  that  on  the  boundary  of  the  zone  and  at  the  initial  moment  of  time'  is 
given  the  distribution  of  velocity  and  temperature  of  the  liquid.  It  is  necessary  to 
find  the  distribution  of  these  values  by  the  volume  of  the  liquid  at  a  given  moment 
of  time. 

Assuming  the  existence  of  a  solution  for  the  mentioned  problem*  we  will  xtrove 
its  solenesa.  For  this  we  employ  the  D.Ye.l>olidze ] l3  method. 

Equations  of  free  thermal  convection  have  the  foona  of  [2j  t 


— +(ov)o=  —  V—  — 

dt  P 

^  +(07T)  =  ■/>'/■. 
oi 

dlvo  =0, 


i^) 

[JJ 


where  v-  velocity  of  the  liquid,  p-read  fron  hydrostatic  pressure  of  the  liquid.  IV 
temperature  of  the  liquid,  read  from  a  certain  coixstant  mean  value  T*.  p  ■  ^(T*)* 
density  of  the  liquid,  g-gravlty  acceleration,  ^ ^  •  coefficients  of  kineiaatie 
viscosity  of  thermal  expansion  and  heat  conduction  of  the  liquid* 

The  sought  for  values  shovild  satisfy  the  given  conditions t 


Vt  —  0,  T,  =  f{r,t), 
«’o=/W.  T*#  =  '!/('■) 
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(the  sign  s  designates  the  boundary*  and  0  -  the  initial  Talue  of  corresponding  Tal» 

ue). 

2,  We  will  assuost  that  there  are  two  solutions  for  problem  (1)  •  (5)t 

(®i,  Pi,  Ti)  h  (Ua,  p:,  fa). 

Then  functions 

=  — Oa.  <7=Pi-P>-  f'“7',-7'a 

will  satisfy  etjuationa 

^  _1_  (t»,y)  « -(- (up)  Oa  =  ^  ~  ~  Pff®'  CV 

dt  P  ' 

^4-(o,v6)4- («vr2)  =  -/>o,  ^ 

div  tt  =  0  (^J 


and  conditional 


Us  =  0,  6,  =  0, 

=  0,  Oo  =  0- 


(yoj 


To  proTa  the  theory  of  aolenasa  it  is  necessary  to  show  that  u  5  0  and  d  s  0  • 
For  this  purpose  eq.uaticn  (7)  is  multiplied  sealarly  by  u*  equation  (8)-by  $  * 

V7e  will  combine  same  and  then  inte^ate  by  the  ‘volume  of  liquid |  we  will  obtain 

+  +  u{uv)VidV  = 

V  V  V 

=  —  J'wv  —  d  1/ +  J'Cvwitt -f  x9A0)  ^u(^g-^^T2)dV. 


O’-) 


Taking  into  consideration  the  continuum  equation  and  the  boundary  ‘values  of  the 
functions  u  and  (9*  we  transform  the  integrals  Included  in  (12)  with  the.  aid  of  the 
Gausa-Ostrogradakiy  and  Grin  fomulae*  In  consequence  we  will  obtain 


5e.c 
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^=/ (u^-\-^^)dV  =  K{t)-, 

V 

f  {a(o.v)«  +  0(«»,v)9Jrfl/=  f  (o.v)  + 

V  -  / 

=  jj  dlv(®,  (tt5  +  o»)lrfl/=o, 

V 

J  uv^dV= 

J  (vaAa  -f  ym)  dV=—  A  v  (rot «)» +  x  (grad  ^y\dV. 

1/ 


Substitutixig  the  found  values  of  integrals  in  (12)  we  will  obtain 

^=-2  f {v (rot «)’+z (grad 6)i'|dV/-  2  Ctt{u^)VidV— 

dt  J  d 

—  2  j^u{^g-\rVT2)dV. 


(<i) 


Sixiee  %  0»  then  the  first  ecoponent  of  the  right  part  (14)  is  negative  and, 
consequently 


^<-2  fu{a^)VidV-~2  fOuCPg'  +  vT's 

(H  J  •/, 


)dV. 


0^) 


In  the  initial  monent  of  tine  the  function  K(t)  equals  zero,  and  further  on  it 
/  be  nagstiva*  Consequently  in  a  certain  interval  of  tisn  04r  t 

dt  0. 

In  such  a  case,  by  canpering  the  absolute  values  of  left  and  right  parts  of  the 
ineqjuality  (I5)  for  0^  t  ^  'T  ve  obtain 

^<2j  J'a(av)O2dvj-f-2jJ'0a(Pg-  +  v7'2)dV'  , 

Bvaluating  the  m^iitude  of  the  integrals,  included  in  (I6),  we  obtain 

(1  -  crosscut  of  direction  u)| 
where  N  -  mean  value  j^gl  • 

Taking  into  consideration  the  obtained  evaluations,  we  will  have  for  04=t4=^  I 


where  M  «  mean  value 


X 


0/  Vj.  ^ 


^^A-K, 

dt  ^ 


(jiJ 


where  ▲  ■  2N  v  N, 

It  is  apparent,  that  the  most  rapid  changes  in  function  K  with  tine  in  the  inter¬ 
val  0^  t  will  bs  determined  by  condition 


t 


(/7 


CL 


i.e.when  K  =  const.ezp  ^  idt*  ^noe,con8idering  (11)  and  (I3)  we  obtain  for  04  t 

t) 

^  ^  I  K  B  0  and  eonaequenitly 


FTD-TIW62-1613/1 


3 


u  =  0  H  0  =  0. 


[nij 

Next  we  will  do  as  follows.  Ve  will  broak  up  the  values  t  ^0  into  two  classes. 

To  the  first  class  we  will  refer  all  t  of  the  interval  OZ-  t  ^  ‘X %  for  which  K  =  0. 

Tbe  remaining  t«  for  which  K  iji  0,  it  is  assumed  are  forming  the  second  class.  It  is 
apparent»that  the  first  class  is  not  empty* 

Such  a  breakdown  «  according  to  the  Dedekind  theorem,  is  justified  and  is  done 
by  the  number  which  appears  to  be  maximum  in  first  class. 

In  such  an  instance  for  all  tZ.'Y*  K(t)*0  and  for  any  ^exlst  such  t*.  oCt'-r 
.for  which  K(t')f  0. 

On  the  other  hand,  it  is  evident  from  the  proven  facts  with  consideration  of  the 
continuity  of  function  K(t)  and  condition  KC’V)  b  0,  that  for  a  certain  and  all  t, 
satisfying  ineqiuality  O^t  °  which  contradicts  the  made  assumgption. 

Conseqnen^tly*  all  values  t  are  included  in  the  first  class  and  therefore 

«  =  0  H  6^0  AJiH  Bcex  />0.  0'^^) 

As  to  the  pressure  then  as  shown  by  equation  (7)  it  is  possible  to  synonymously  deter- 
mire  -^be  pressure  gradient  only. 

3*  The  mentioned  in  point  2  proof  of  the  soleness  theoory  in  the  solution  of  the 
basic  internal  problem  of  free  thermal  coovection  of  liquid  can  also  be  expanded  for 
th^  case,  of  an  external  problem^^*  Ihis  can  be  realized  by  an  cr dinary  maximum  transi¬ 
tion  from  the  finite  zone  into  the  infinite,  requiring  the  fulfillment  of  conditions 


of  daapint  at  infinity t 

Ir'+'T'il.  |rV/].  Ir«+TotO/l,  1  r'+‘grad  T,  1 -0 
\  (i  =  l.  2), 


[nh 


where  alpha  ^  2  ,  r  -  distance  from  a  certain  , assumed  as  origin  of  coordinates,  point 
of  heater. 

The  author  expresses  thanks  to  B*M*aBgByeT  and  S.I*MBl*nik  for  the  valuable 
information  and  a  number  of  critical  notes. 

Suteitted  Febr*8,19i8« 


FTDb1T-62-1613/1 


4 


The  Aa^VOorkiy  Berm  State  Unirersity 

Idterature 

!•  D«Ye»JDolid2e»  Doklady  Akademli  Nauk  SSSl,  to1*96,No«3«  1954 
2«  L,D»l«iidau  aod  Ye«M«Iifshit8*  Mechanics  of  Contimons  M»dia«(iITDL«1954 


rTD-TT-62-1613/1 


5 


DISTRIBUTION  LIST 


/ 


1 


i 

\ 


DBPARaVOilvT  OP  DSFBNSE 

Nr.  Copies 

lAlJOR  AIR  COIIidAl®S 

Nr,  Copiea 

iiPSC 

SCPTR 

1 

ASTIA 

25 

iiU/DQUjUiTSRS  USAP 

TD-Bla 

5 

'TD-BIB 

3 

afci:j-3d2 

1 

AEDC  (AEY) 

1 

iUiL  (AiiS) 

1 

SSD  (SSP) 

2 

APPTC  (PTY) 

I 

APBWC  (SWP) 

1 

OTliR'R  AGENCIES 

ClA 

1 

USA 

6 

AID 

2 

OTS 

2 

AEG 

2 

PUS 

1 

NASA 

1 

RAND 

1 

y 


:-TI-TT-62-l6l3/l 


6 


